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(54) Modem data call bypass of a telephone network voice switch 



(57) In a data bypass system for use in diverting 
data calls to a central office based modem bank and a 
data network at the subscriber's discretion, the data call 
diversion is carried out on the basis of a data call prefix 
preceding a user's dialing string. The data call prefix is 
translated into a data network address. The data 
bypass system is either an analog or a digital bypass 
system for modem data call bypass of a telephone net- 



work voice switch. The bypass system has a line card 
with a switch that selectively connects the subscriber 
line to the voice switch or to a data switch or router 
through two respective concentrators. Instead of the 
data call prefix, the data call diversion may be carried 
out by the use of a software program prepared by a sub- 
scriber. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention is directed to a data 
bypass system for a voice telephone network, and more 
particularly, to a modem data call bypass of the tele- 
phone network voice switch. 

Discussion of the Prior Art 

[0002] The majority of existing telephone access net- 
works are analog networks designed primarily for voice 
traffic. With the proliferation of computers and on-line 
service providers, the analog telephone networks are 
being used for communication between digital comput- 
ers. The popularity of the Internet has greatly increased 
communication among digital computers through exist- 
ing analog telephone networks. To allow communication 
among digital computers through existing analog tele- 
phone networks, modems are used that change digital 
data signals into analog line signals. 
[0003] Telephone companies are concerned about the 
loading of telephone network switches which are not 
engineered for the long holding times of data sessions 
between personal computers (PCs) and data service 
(e.g., Internet access) providers. To alleviate this load- 
ing problem, new digital access facilities, such as Inte- 
grated Service Digital Network (ISDN) and Asymmetric 
Digital Subscriber Line (ADSL), are being deployed. 
However, in addition to new equipment at the telephone 
central offices, these new access facilities require major 
and expensive changes in facilities at subscriber loca- 
tions. 

[0004] For several reasons that include cost, conven- 
ience and familiarity, subscribers or end users often pre- 
fer to continue using existing telephone lines and 
modems with their PCs, instead of upgrading to digital 
networks, such as the ISDN or ADSL network. Thus, 
data traffic among PCs and networks on existing tele- 
phone lines continue to grow and overload telephone 
network switches. 

[0005] One solution to the growing data traffic and 
switch overload problem is to limit the length of time a 
subscriber can hold a telephone circuit. However, such 
holding time restrictions are unpopular with subscribers. 
Accordingly, there is a need to alleviate congestion and 
traffic overload of existing telephone network switches 
that is cost effective and does not require expensive 
new equipment or changes in facilities at subscriber 
locations. 

SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to provide 
a full-duplex modem data call bypass system of a tele- 



phone network voice switch that eliminates the prob- 
lems of conventional telephone network voice switches. 
[0007] Another object of the present invention is to 
provide a data bypass system that offloads data traffic 

s from telephone voice switches and facilitates evolution 
toward Integrated Service Digital Network (ISDN) or 
Asymmetric Digital Subscriber Line (ADSL) systems 
without requiring immediate installation of new equip- 
ment at subscriber locations. 

10 [0008] Yet another object of the present invention is to 
provide a data bypass system at a telephone central 
office that reduces loading of the telephone network 
voice switches without requiring additional equipment at 
subscriber locations. 

is [0009] A further object of the present invention is to 
provide a data bypass system that allows telephone 
central office subscriber line termination equipment to 
provide long connection duration Internet access to 
subscribers through existing subscriber lines, without 

20 tying up telephone voice switching resources. 

[001 0] A still further object of the present invention is 
to provide a data bypass system located, for example, at 
a telephone central office that is cost effective and alle- 
viates switching problems of voice traffic that are 

25 caused by increased data traffic. 

[001 1] A further object of the present invention is to 
allow a subscriber to use a subscriber line for normal 
voice telephony, for data transmission through the tele- 
phone network, or for data transmission through the 

30 data bypass network, with no control mechanism other 
than a special dialing sequence. If desired, a permanent 
connection between tile subscriber and the data bypass 
network is provided to eliminate the need for dialing the 
special dialing sequence and give the subscriber 

35 "always on" data network access service. 

[001 2] These and other objects of the present inven- 
tion are achieved by a data bypass system that diverts 
data calls to a central office based modem bank con- 
nected to a data network. Unless the connection 

40 between the subscriber and the data bypass network is 
permanent, the data call diversion is based on the spe- 
cial dialing sequence, such as a data service prefix in 
the user's dialing string, which is represented as a dual- 
tone multiple frequency (DTMF) line signal, for example. 

45 The data bypass device is capable of translating a sub- 
sequent telephone address of a data service supplier 
into a data network address of that particular supplier. 
[001 3] The data bypass system is either an analog or 
a digital bypass system for modem data call bypass of a 

so telephone network voice switch. The bypass system 
comprises a special line card connected to a subscriber 
line. The line card selectively connects the subscriber 
line, through a signal selector or switch for example, to 
the voice switch or to a data switch or router. The data 

55 switch or router is the access point to a data network. 
[0014] The data bypass system also includes a data 
prefix detector that controls the selective connection of 
the subscriber line in response to a data prefix that pre- 
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cedes a data call telephone number dialed on the sub- 
scriber line, for example, to establish communication 
between computers. 

[001 5] In one embodiment, a receiver for user-network 
signaling, e.g., a DTMF receiver, and the data prefix s 
detector are included in the line card. In another embod- 
iment, the DTMF receiver and data prefix detector are 
external to the line card and are shared by other line 
cards. 

[0016] A voice-band call concentrator is connected 
between the line card and the voice switch. The voice- 
band call concentrator is connected to the subscriber 
line in the absence of the data prefix. A data call con- 
centrator is connected between the line card and the 
data switch. This data call concentrator is connected to 
the subscriber line in the presence of the data prefix as 
detected by the data prefix detector. 
[001 7] A two wire-four wire converter, a voice-band fil- 
ter and an analog to digital converter on the line card 
are interposed between the voice-band position of the 
signal selector on the line card and a digital output port, 
for example. A digital line connects the digital output 
port of the line card to the voice-band call concentrator. 
In an analog embodiment of the bypass system, an ana- 
log full-duplex signal line connects the data call position 
of the signal selector on the line card to the data call 
concentrator. A digital line connects the line card to the 
data call concentrator in a digital embodiment of the 
bypass system. 

[001 8] A modem bank having many modems, or a pro- 
grammable device with the equivalent functionality of 
many modems, is connected between the data call con- 
centrator and the data switch or router. The data call 
concentrator selects an available modem for transmis- 
sion to the data switch of user data that follow the data 
call telephone number. Data are routed or switched to a 
distant data services host, such as that of an Internet 
service provider, that has a permanent digital connec- 
tion to the data network, for example. 
[001 9] In one analog embodiment of the bypass sys- 
tem for example, each line that connects the data call 
concentrator to the modems is also connected to a sig- 
naling receiver, e.g., an analog DTMF receiver, followed 
by a data address generator. The analog DTMF receiver 
converts DTMF tones of the data call telephone number 
to numbers, and the data address generator translates 
these converted numbers, which represent the tele- 
phone number of a data service supplier, for example, 
into a data network address, such as an Internet Proto- 
col (IP) address. In this example, the IP address is 
applied to IP packets created in the router from the dig- 
ital data stream emerging from the modem and passed 
to the router. 

[0020] In one embodiment of the digital bypass sys- 
tem, the line card with its voice/data switch or selector, 
which is initially in the default "voice" position, provides 
the voice-band call concentrator with a digital line signal 
at the normal voice-band digital sampling rate, including 
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the DTMF-coded data prefix and the data call telephone 
number. If the data prefix detector following the voice- 
band call concentrator detects a data bypass call, an 
alerting signal is provided to the line card which moves 
the voice/data switch to the data bypass position. The 
wide-band data line signal is then passed through a two 
wire-four wire converter, a wide-band filter, and an ana- 
log to digital (A/D) converter (including a higher-rate 
sampler) to a data concentrator, a digital modem bank, 
and a data router or switch. Illustratively, the subscriber 
line is connected to a computer at a subscriber site, and 
user data are routed or switched to a distant host that 
has permanent digital access to the data network. 
[0021 ] In the digital bypass system, lines that connect 
both ordinary voice-oriented line cards and the special 
line cards to the concentrators, as well as lines that con- 
nect the data call concentrator to the modem bank, are 
digital lines. The subscriber lines are, as in the analog 
bypass system, analog full-duplex two-wire signal lines, 
for example. 

[0022] The line card of the digital bypass system fur- 
ther comprises two filtering and A/D conversion units. 
The first unit includes a voice-band filter and an analog 
to digital converter to filter and digitize signals directed 
to the voice switch. The analog to digital converter is 
connected to the voice call concentrator located 
between the line card and the voice switch. The second 
filtering and A/D conversion unit includes the wide-band 
filter and another A/D converter which has a higher-rate 
than the A/D converter of the first filtering and A/D con- 
version unit. The second unit is connected to the data 
switch or router through the data call concentrator. 

BRIEF DESCRIP TION OF THE DRAWINGS 

[0023] Further features and advantages of the inven- 
tion will become more readily apparent from a consider- 
ation of the following detailed description set forth with 
reference to the accompanying drawings, which specify 
and show preferred embodiments of the invention, 
wherein like elements are designated by identical refer- 
ences throughout the drawings; and in which: 

FIG. 1 shows an analog bypass system according 
to one embodiment of the present invention; 
FIG. 2 shows an analog bypass system according 
to a second embodiment of the present invention; 
FIG. 3 shows a digital bypass system according to 
a third embodiment of the present invention; and 
FIG. 4 shows a digital bypass system according to 
a fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] FIG. 1 shows a modem data call bypass of a 
telephone network voice switch using an analog bypass 
system 100. The analog bypass system 100 includes 
subscriber lines 110. Each subscriber line 110 is con- 
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nected between a subscriber and a special line card 
1 15. At the subscriber location, a subscriber switch 120 
connects the subscriber line 1 10 to a personal compu- 
ter (PC) 122 with a modem or to other devices, such as 
a telephone or a facsimile machine 121, commonly 
referred to as a fax machine. Thus, the subscriber line 
110 can be used for either normal voice (or fax) service 
or for a modem call, at the subscriber's discretion. Typi- 
cally, the switch 120 is built into PCs. As will be 
described, a modem call from the PC 122, for example, 
can pass either through the conventional telephone net- 
work or through a data bypass network, at the sub- 
scriber's discretion. 

[0025] At the telephone network central office loca- 
tion, for example, the subscriber line 110 is connected 
to the special line card 115. Each line card 115 contains 
a user-network signaling receiver 123, such as a dialing 
tone receiver, a data call prefix recognizer 125, and a 
call diversion switch 130. All other elements of the line 
card 115, including two wire-four wire conversion 
means omitted from FIG. 1 for simplicity, remain 
unchanged from conventional line cards. Thus, as will 
become more apparent from the following description, 
modifying existing telephone networks in accordance 
with the present invention is cost effective and does not 
require updating subscriber lines or any new subscriber 
equipment. To further reduce cost of modifying existing 
telephone networks, only subscribers actively engaged 
in data communications need be provisioned with these 
new or special line cards 1 15. 
[0026] The dialing tone receiver 123 of the line card 
115 in this analog embodiment of the bypass system 
100 shown in FIG. 1 is an analog device. Illustratively, 
the analog dialing tone receiver 123 is a Dual Tone Mul- 
tiple Frequency (DTMF) receiver or detector, and the 
data call prefix recognizer or detector 125 connected to 
the DTMF receiver 123 is an alphanumeric character 
sequence detector. Instead of the dialing tone receiver 
123 that detects a dialing tone, another type of user-net- 
work signaling receiver for identifying a data call may be 
used, for example, a receiver that detects a waveform 
designated as the data call identification prefix. 
[0027] The DTMF detector 123 receives and detects 
tones of a telephone number dialed on the subscriber 
line and outputs the digital dialing sequence. The data 
call prefix detector 125 acts on this digital sequence to 
identify a prefix that precedes a data call telephone 
number dialed on the subscriber line, e.g., for communi- 
cation among computers. The prefix is part of a normal 
dialing sequence of numbers that precedes the tele- 
phone number of a data service (e.g., Internet access) 
provider. Thus, using the prefix does not limit access to 
a particular set of data service provides, as performed 
in conventional systems. Rather, any destination may 
be accessed, which destination is a function of the tele- 
phone number that proceeds the prefix. 
[0028] The DTMF receiver 123 and prefix recognizer 
125 detect a data dialing prefix in the user's dialing 



6 

string. The prefix could be any convenient prefix; such 
as a double pound (##). The prefix recognizer 125 con- 
trols the call diversion switch 130. also referred to as a 
voice/data switch 130. The voice/data switch 130 is a 

5 single-pole, double-throw (SPDT) switch, for example, 
having a single input terminal and two output terminals 
135, 140. However, the voice/data switch 130 may be 
realized by other electromechanical or electronic forms. 
[0029] The input of the voice/data switch 130 is con- 

w nected to the subscriber line 11 0. One of the output ter- 
minals 135 of the voice/data switch 130 is connected to 
a voice-band filter 145 which includes an analog-to-dig- 
ital (A/D) converter. The pass band of the voice-band fil- 
ter 145 is 300 Hz to 3300 Hz, for example. The analog 

is voice or fax signal routed through the voice/data switch 
130 is filtered by the voice-band filter 145. Next, the fil- 
tered analog signal is converted to the digital signal by 
the (A/D) converter which is connected to the output of 
the voice-band filter 1 45. 

20 [0030] The digital output of the A/D converter is con- 
nected to a concentrator 150, referred to as a voice- 
band call concentrator, through a digital line that carries 
digital signals. The voice-band call concentrator 150 
also receives digitally converted voice/fax signals from 

25 other line cards 1 1 5. The output of the concentrator 1 50 
is connected to a voice switch 155 as in conventional 
telephone switching equipment. The concentrator 150 
has many inputs connected to the line cards 115. The 
number of outputs of the concentrator 150 is less than 

30 the number of its inputs. The concentrator 1 50 connects 
its active inputs to the voice switch 155 as is typically 
performed in conventional telephone voice switching. 
[0031] The arrangement of the voice-band filter 145 
and its A/D converter may be reversed. That is, instead 

35 of the voice-band filter 145 being connected to the line 
card switch output 135, where the voice-band filter 145 
is analog, the A/D converter is first connected to the line 
card switch output 135. Next, the digital output of the 
A/D converter is connected to the input of the voice- 

40 band filter 145, whose output is connected to the con- 
centrator 150. In this case, the voice-band f ilter 145 is a 
digital filter. Preferably, the voice-band filter 145 and the 
A/D converter are part of the line card 1 15. However, 
the voice-band filter 145 and the A/D converter may be 

45 external to the line card 115, and may be incorporated 
into the voice-band call concentrator 150. 
[0032] The other output 140 of the voice/data switch 
130 is connected to another concentrator 160, through 
a line 165. The second concentrator 160, also referred 

so to as a data call concentrator, is in addition to the voice- 
band call concentrator 150. The second or data call 
concentrator 160 is also connected to similar outputs of 
other line cards through lines similar to the line 1 65 from 
the second output 140 of the voice/data switch 130. 

55 Illustratively, the lines 165 between the line cards 115 
and the second concentrator 160 are analog two-wire 
fult-duplex data lines that transport analog signals in 
both directions; from the line cards 1 15 to the data call 
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concentrator 160, and from the data call concentrator 
160 to the line cards 115. The data call concentrator 
160 is also referred to as a director, because it selects 
and directs its input signals to available modems 167 
from a modem bank 1 70 which is connected to the out- 
puts of the second concentrator 160. 
[0033] The modem bank 1 70 has many modems 1 67, 
where each modem 1 67 connects one output 1 75 of the 
data call concentrator 160 to a router or data switch 
1 80. Each line 1 75 that connects the second concentra- 
tor 1 60 to a modem 1 67 is also connected to an analog 
DTMF receiver 190. The analog DTMF receivers 190 
are connected to a shared data address generator 195, 
which is in turn connected to the data switch or router 
1 80 of a data network 1 85. Thus, each output 1 75 of the 
second concentrator 160 is connected to the data 
switch or router 180 through a modem 167 and through 
the series connection of the analog DTMF receiver 190 
and the data address generator 195. 
[0034] The analog DTMF receiver 190 and data 
address generator 195 translate the telephone number 
of a data service supplier, or another data destination, 
into a data network address. In particular, the analog 
DTMF receiver 190 converts DTMF tones of dialed dig- 
its following a data dialing prefix into a telephone 
number, which is converted by the data address gener- 
ator 195 into an appropriate equivalent, such as an 
Internet Protocol (IP) address. The data call is routed by 
the line card 1 15 to the data call concentrator 160 thus 
bypassing the voice switch 155. The data address gen- 
erator 195 converts the telephone number to a data net- 
work address by lookup in a table which has been 
generated from directory services, as is well known in 
the art. As described later, this address conversion will 
sometimes be superfluous but is advisable in all cases. 
[0035] The analog DTMF receiver 190 that converts 
the data call tones into numbers may be combined with 
the DTMF receiver 123 and data call prefix detector 125 
located in the line card 115. In this case, the DTMF 
receiver 123 recovers the telephone number itself and 
passes it to the data address generator 195. This is in 
addition to the DTMF receiver 123 and data call prefix 
detector 125 detecting the DTMF tones corresponding 
to the data prefix that precede the dialed telephone 
number of a data call. 

[0036] With this structure, the dialed telephone 
number and the data prefix of the data call are detected 
by the DTMF receiver 1 23 and the data call prefix detec- 
tor 125. This structure can dispense with the analog 
DTMF receiver 190 which is located after the data call 
concentrator 160. In this case, the data call concentra- 
tor 160 is supplied from each subscriber line 1 10 with a 
bypassed signal. The bypassed signal is transmitted to 
the modem bank 1 70 after it is concentrated by the data 
call concentrator 160. Like the voice-band call concen- 
trator 150, the data call concentrator 160 is structured 
by a time division switch of an unbalanced type which 
has a plurality of input ports and a plurality of output 
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ports smaller in number than the input ports. 
[0037] Illustratively, each modem 167 of the modem 
bank 1 70 is a full duplex modem that converts between 
modulated line signals and baseband digital signals. 

5 The modulated line signals are on the call director side 
of the modem 167, i.e., the side of the data call concen- 
trator 160, and the baseband digital signals are on the 
side of the modem facing the router or data switch 180. 
[0038] To achieve a predetermined blocking rate, the 

10 number of modems in the modem bank 1 70 may be less 
than the number of line cards 115 served by the data 
call director or concentrator 160. Alternatively, perma- 
nent data connection may be provided between the 
modems 167 and the data-capable line cards 115. In 

is this case, the number of modems 167 is equal to the 
number of line cards 1 1 5 capable of switching data calls 
toward the modem bank 170. If desired, a permanent 
connection between the subscriber and the data net- 
work 185 is provided to eliminate the need for dialing 

20 the special dialing sequence. This also eliminates the 
need for the voice/data switch 130 and the prefix detec- 
tor 125 that controls the switch 130. 
[0039] The baseband digital signals received by the 
router 180 are communicated through the data network 

25 185, which is running Transport Control Protocol/Inter- 
net Protocol (TCP/IP), for example, to a data service 
provider 197 associated with the dialed telephone 
number. If a subscriber is using an IP protocol, such as 
Serial Line Internet Protocol (SLIP) or Point-to-Point 

30 Protocol (PPP), then the traffic can be forwarded as is 
through the router 180 to the data service provider 197. 
The IP address generated in the data address genera- 
tor 195 is superfluous. If this is not the case, IP packets 
and preferable TCP protocol data units as well, are 

35 formed in the router 1 80 to carry traffic to the data serv- 
ice provider 197. The IP address generated in data 
address generator 195 is applied to the destination 
address field of each IP packet. 
[0040] If the data network 1 85 and the user are using 

40 different protocols, then the data switch or router 180 
converts between data communication formats and pro- 
tocols used in the data network, and those used in the 
user data stream passed from the modem bank 170 to 
the data switch or router 180. Thus, for example, the 

45 data switch or router 1 80 in addition to handling IP traffic 
from the subscriber, also performs TCP/IP packetization 
if the subscriber is not using IP, including insertion of the 
data network address in each IP packet sent out on the 
data network. The data services provider 197 is pre- 

so sumed to already have a data network connection, so 
that no digital to analog conversion is required between 
the data network 185 and the data services provider 
197. 

[0041 ] In use, if a modem call is to be made, the caller 
55 dials a prefix, such as double pounds (##), prior to dial- 
ing the telephone number. This may conveniently be 
programmed in communication software, with no altera- 
tion of existing software or hardware components. 
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Depending on the presence or absence of the prefix, 
the voice/data switch 1 30 of the line card 1 1 5 directs the 
call to the voice switch 1 55 or the data network 1 85. For 
example, if the data dialing prefix detector 125 detects 
the prefix in the dialed number, then the prefix detector 5 
125 switches the voice/data switch or selector 130 of 
the fine card 1 15 to direct the data call to the data net- 
work 185. Otherwise, the call is directed to the voice 
switch 1 55. Illustratively, the default state of the line card 
switch directs calls to the voice switch 155. However, a 10 
default state that directs calls to the data network 185 
may also be used, although it is inadvisable if the line is 
to be used at any time for ordinary telephone service. 
Upon completion of the session, the subscriber's 
modem hangs up, interrupting subscriber line current 75 
which is detected, as in current practice, by loop detec- 
tion circuitry not shown in FIG. 1 . An alerting signal from 
this loop detection circuitry can be used to reset the 
switch 1 30 to its default (normally contact 1 35) position. 
[0042] In the case where the default state of the line 20 
card's voice/data switch 130 directs calls to the voice 
switch 155, upon recognizing the data prefix, the prefix 
detector 125 switches the voice/data switch 130 so that 
the line card 1 15 routes the call to the data call concen- 
trator or director 160. In turn, the call director 160 25 
selects from an available modem 167 in the modem 
bank or bank 170, for connection to the data network 
185. 

[0043] Connection between the data call concentrator 
160 and the data network 185 is achieved as follows. 30 
First, the series connection of the analog DTMF 
receiver 190 and data address generator 195 translate 
the data call telephone number into a data network 
address. Next, the modem 1 67 converts the analog data 
signal to a digital form and provides digital data to the 35 
router or data switch 180. The router or data switch 180, 
which uses transport and network level protocols such 
as TCP/IP, packetizes the digital data at these levels if 
the data are not already packetized, with each IP packet 
having its particular address. The IP packet address is 40 
obtained from the data network address received from 
the data address generator 195. Based on the IP packet 
addresses, the router 180 routes the digital data from 
the modem 167 to the proper addresses of the data net- 
work 185. This establishes two way communication 45 
between the data network 185 and the PC 122 at the 
subscriber location. 

[0044] In the analog bypass system shown in FIG. 1 , 
data line signals on the subscriber lines 1 1 0 are in ana- 
log format before concentration and submission to a so 
modem 167 in the modem bank 170. In this analog 
embodiment, the data signal does not pass through the 
voice-band filter 145 in the telephone line card 115. 
Thus, the data line signal is not limited to the 300-3300 
Hz voice-band spectrum. This allows using a bandwidth 55 
larger than the voice-band, up to several hundred kilo- 
hertz for the typical subscriber line, for example. Such a 
large bandwidth supports a rapid evolution to higher 



data rates, that could approach that of ISDN and ADSL 
dedicated digital lines, but without the need for the 
expensive equipment and installation of the ISDN or 
ADSL subscriber terminations. Larger bandwidths and 
higher data rates can be used on existing twisted pair 
subscriber lines since new generations of modems for 
PCs are better able to use the available bandwidth of 
the twisted pair subscriber line, which is much larger 
than the bandwidth of a telephone channel. 
[0045] Although description has thus far been made 
as the preferred embodiment about the data call prefix 
indicators which are included in the dialed DTMF 
sequence: other embodiments are possible. For exam- 
ple, where subscriber communications software gener- 
ates such alternative signaling indicators and the line 
card detects these indicators. Once the voice/data 
switch 130 is switched to the data call bypass position 
140, confirmation by a modem bank for connection with 
the user's modem is conveyed by normal modem to 
modem connection protocols. 
[0046] In the preferred embodiment illustrated in Fig. 
1, it is assumed that the number of the modems 167 
included in the modem bank 170 is smaller than the 
number of the line cards 115 cooperating with data call 
concentrator 160. However, a subscriber line may be 
also permanently connected to a modem dedicated to 
that line. In this case, the number of the modems 167 is 
equal to the number of the line cards 115 which can 
switch the data calls to the modem banks 170. When 
the subscribers are permanently connected to the data 
network, neither data prefix nor telephone number may 
be dialed as the specific signal sequence. Inasmuch as 
neither the data call prefix nor the telephone number is 
transmitted in the above-mentioned example, it is possi- 
ble to remove the voice-band/data switch 130 and the 
data call prefix detector 125 which controls the voice- 
band/data switch 130. Moreover, when the voice-band 
call concentrator 150 can be switched by the use of the 
software, the voice-band switch 155 can be also selec- 
tively connected to each subscriber. 
[0047] Instead of a modem bank, a programmable 
device with the equivalent functionality of many 
modems may be used. 

[0048] FIG. 2 shows a modified analog bypass system 
1 00' which is similar to the analog bypass system 1 00 of 
FIG. 1. In the modified analog bypass system 100', a 
digital DTMF receiver 123' and a data call prefix detec- 
tor 1 25' are implemented digitally following the voice call 
concentrator 150. This exploits an existing architecture 
and eliminates the need to have an analog DTMF 
receiver 123 and a data call prefix detectors 125 for 
each of the line cards 1 1 5 of the analog bypass system 
100 shown in FIG. 2. Instead, all the line cards 115' 
share the digital DTMF receiver 123' and the data call 
prefix detector 125'. Furthermore, in the modified ana- 
log bypass system 100', the analog DTMF receivers 
190, shown in FIG. 1 . are eliminated since their function 
is performed by the shared digital DTMF receiver 123'. 
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[0049] In Fig. 2, the digital DTMF receiver 1 23' and the 
data call prefix detector 125' are explicitly connected 
only to one of the line cards 115' for brevity of illustra- 
tion. However, both the digital DTMF receiver 123* and 
the data call prefix detector 125' are practically con- 5 
nected to all of the line cards 115', as readily under- 
stood from Fig. 2, and carry out multiplexing operation 
of signals sent from the line cards 115'. 
[0050] A switch control line 1 26 connects the data call 
prefix detector 1 25' to the voice/data switch 1 30 for con- 10 
trof thereof. A numerical telephone address output line 
124 conveys the telephone number from the digital 
DTMF receiver 123' to the data address generator 195. 
[0051] The operation of the modified analog bypass 
system 100' is similar to that already described in con- is 
nection with the analog bypass system 100 of FIG. 1. 
The voice/data switch 130 of the modified analog 
bypass system 1 00' must be initially in the default voice- 
band call position 135, so that the data call prefix and 
telephone number pass through the voice-band filter 20 
and A/D converter 1 45 to the digital DTMF receiver 1 23' 
and the prefix detector 125'. 

[0052] If a data bypass call prefix is detected, a signal 
passed from prefix detector 125' to voice/data switch 
130 causes the switch to move to position 140 corre- 25 
sponding to data bypass. All subsequent modulated 
data flow directly to the data call concentrator 160, as 
described in connection with FIG. 1, bypassing the 
voice-band switch 155. The small price of loading at 
most a few seconds of data call dialing onto the voice- 30 
band call concentrator 150 is paid for the benefit of 
using the shared resources of the digital DTlvlF receiver 
123' and the prefix detector 125*. TTie destination tele- 
phone number itself is passed from the digital DTlvlF 
receiver 1 23' to the data address generator 1 95 via the 35 
numerical telephone address output line 124. 
[0053] FIG. 3 shows another embodiment of the 
present invention, which is a digital bypass system 200. 
In the digital bypass system 200, data calls from a com- 
puter, e.g., PC 122, are diverted to a wide-band filter 40 
and A/D converter 230 which provide a digitized data 
line signal to a digital data call concentrator 205. This is 
in contrast to the embodiment shown in FIG. 1 , which is 
an analog bypass system, where data calls from the PC 
122 are diverted to the analog data call concentrator 45 
1 60 before filtering and A/D conversion take place in the 
modem 167. 

[0054] The digital bypass system 200 has a DTMF 
receiver 123 and a data prefix detector 125 on each line 
card 225, similar to the analog bypass system 100 of so 
FIG. 1. The digital bypass system 200 uses a digital 
data call concentrator 205 rather than the analog data 
call concentrator 160 of the analog bypass system 100 
of FIG. 1. 

[0055] FIG. 4 shows a modified digital bypass system 55 
200' which is a preferred embodiment compared with 
the digital bypass system 200 of FIG. 3. In the modified 
digital bypass system 200', just as in the modified ana- 



log bypass system 100' of FIG. 2, a digital DTMF 
receiver 123' and a data prefix detector 125' are shared 
by all the line cards 225. 

[0056] The operation of the normal and modified dig- 
ital bypass system 200, 200' is very similar to that of the 
normal and modified analog bypass system 100, 100' 
shown in Figs. 1 and 2, respectively. One exception is 
that the modulated data stream switched to the switch 
terminal 140 of the voice/data switch 130 is applied to a 
wide-band filter and A/D converter 230 instead of being 
routed to the analog data call concentrator 1 60 shown in 
Figs. 1 and 2. The digital output signal from wide-band 
filter and A/D converter 230 is routed to the digital data 
call concentrator 205. 

[0057] In the normal and modified digital bypass sys- 
tem 200, 200' of Figs. 3-4, the subscriber line 1 10 car- 
ries modulated data traffic between the PC 122 and a 
line card 225. The data prefix is part of the normal dial- 
ing sequence, as previously described in connection 
with Figs. 1-2. Each line card 225 has both a voice-band 
filter and A/D converter 145, and a wide-band filter and 
A/D converter 230. Alternatively, similar to that 
described in connection with Figs. 1-2, the voice-band 
filter and A/D converter 145, and the wide-band filter 
and A/D converter 230 are external to the line cards 
225. Illustratively, the wide-band filter has a bandwidth 
of up to several hundred kHz, whereas the voice-band 
filter bandwidth is approximately 3 kHz, from 300 Hz to 
3300 Hz. 

[0058] The line cards 225 are connected to the data 
call concentrator/director 205. The data call concentra- 
tor 205 of the digital bypass system 200 is connected to 
the data network 185 through the modem bank 170 and 
the router or data switch 180. In addition, the numerical 
telephone numbers, which are produced either by the 
analog DTMF receiver 123, of the normal digital bypass 
system 200 shown in FIG. 3 of each line card 225, or by 
the digital DTMF receiver 123'. of the modified digital 
bypass system 200' shown in FIG. 4, which are shared 
among all line cards 225, are passed to the data 
address generator 195. As described in connection with 
Figs. 1-2, the data address generator 195 is connected 
to the data switch or router 180. The comments made 
earlier concerning advantages and disadvantages of 
sharing the DTMF receiver and data call prefix recog- 
nizer or detector by all the line cards, as opposed to 
each line card having its own DTMF receiver and data 
call prefix detector, in the analog embodiments of Figs. 
1-2, are equally applicable for the digital embodiments 
of Figs. 3-4. 

[0059] The lines that connect the concentrator 205 to 
the modem bank 1 70 are digital lines that carry digitized 
data line signals. Signals between the concentrator 205 
and the line cards 225 are also digital signals. However, 
the subscriber lines 110 are conventional subscriber 
analog full-duplex lines carrying analog signals. 
[0060] The line card 225 provides the voice channel 
concentrator 150 with a digitized line signal represent- 
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ing the data call prefix and the data call telephone 
number, tor communication among computers. When 
voice/data switch 130 is triggered by the output of the 
prefix detector 125 to switch to position 140, the con- 
centrator 205 routes and connects the digitized informa- 5 
tion line signal output of the line card 225 to the modem 
bank 170 and then to the data switch or router 180. 
Upon completion of a data communication session, the 
switch 130 returns to the default voice-band position 
1 35 as described for the system of FIG. 1 . w 
[0061] In the absence of the data prefix, i.e., for calls 
over subscriber lines 110 connected to devices other 
than computers, such as telephones and faxes, or com- 
puter data calls that the subscriber wishes to send 
through the telephone network, the voice-band call con- 15 
centrator 150 connects the line card 225 to the voice 
switch 1 55 as typically performed in conventional tele- 
phone systems. 

[0062] In this case of no data call prefix, a voice-band 
filter and A/D converter 145 digitize and filter the signal 20 
(e.g., a voice signal) on the subscriber line 110 in the 
same manner described in connection with FIG. 1, and 
pass the digitized output to the voice call concentrator 
150. 

[0063] When there is a data call prefix, the wide-band 25 
filter and A/D converter 230 digitize and filter the data 
signal on subscriber line 1 10 and pass the digitized out- 
put to the data call concentrator 205. It is noteworthy 
that the filter 230 is wide-band thus allowing use of 
higher modem speeds. 30 
[0064] For any of the embodiments shown in Figs. 1 - 
4, conventional voice-oriented line cards may be used 
side-by-side with the new line cards 1 15, 1 15', 225, 225' 
that accommodate data bypass. Only subscribers 
actively using data services need be provisioned with 35 
the new line cards. 

[0065] The inventive data bypass system off-loads 
data traffic from telephone voice switches upon detec- 
tion of a dialing prefix that precedes the telephone 
number of a data network. This reduces gridlock of tele- 40 
phone networks resulting from surging data traffic, e.g., 
due to surging Internet use. 

[0066] Data traffic between PCs and data networks 
not only bypasses the telephone voice switch, but also 
bypasses the voice-band filter normally used for voice 45 
signals. This reduces congestion of the telephone voice 
switch, reduces data call blocking with a properly engi- 
neered data bypass system, and supports faster data 
rates due to the increased filter bandwidth. Data bypass 
is achieved in a cost effective manner that facilitates so 
evolution toward ISDN or ADSL capabilities without 
requiring immediate installation of new equipment at 
subscriber locations. 

[0067] Existing telephone network equipment is used 
to provide either permanently connected Internet 55 
access, or switched connection Internet access in 
response to a prefix on the normal dialed telephone 
number, to subscribers through existing subscriber 



lines. Existing network terminating equipment and sub- 
scriber data equipment are used, with changes only 
within the telephone network. Such changes minimize 
cost and allow use of higher modem speeds by relaxing 
bandwidth constraints of conventional line cards result- 
ing from bypassing of voice-band filters. The data 
bypass device which is located, for example, at the tele- 
phone central office, is cost effective and alleviates 
switching problems of voice traffic that are caused by 
increased data traffic. 

[0068] Existing telephone lines are used for both data 
and voice traffic. The existing telephone lines may be 
switched between data network and voice network 
access, or dedicated to either network. Thus, data 
transmission is achieved through a data network with no 
subscriber equipment changes and with minimal 
changes in equipment at the telephone central office in 
order to detect data transmission and allow bypass 
thereof away from the telephone voice switch and into a 
dedicated data network. Such a data detection and 
bypass is controlled entirely by conventional DTMF sig- 
naling, through a prefix in normal dialing sequence. 
[0069] While the invention has been particularly 
shown and described with respect to illustrative and 
preformed embodiments thereof, it will be understood 
by those skilled in the art that the foregoing and other 
changes in form and details may be made therein with- 
out departing from the spirit and scope of the invention 
which should be limited only by the scope of the 
appended claims. 

Claims 

1. A bypass system for modem data call bypass of a 
telephone network voice switch comprising: 

a line card connected to a subscriber line that 
selectively connects the subscriber line to one 
of said voice switch and a router; 
a data call prefix detector that controls the 
selective connection of the subscriber line in 
response to a data call prefix that precedes a 
data call telephone number dialed on the sub- 
scriber line; 

a voice-band call concentrator that is con- 
nected between said line card and said voice 
switch, said voice-band call concentrator being 
connected to the subscriber line in the absence 
eof said data call prefix; and 
a data call concentrator that is connected 
between said line card and said router, said 
data call concentrator being connected to the 
subscriber line in the presence of said data call 
prefix. 

2. The bypass system of claim 1 , wherein the connec- 
tion between said data call concentrator and said 
line card bypasses a filter of said line card. 
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3. The bypass system of claim 1 further comprising a 
voice-band filter and an analog to digital converter 
which are connected between said line card and 
said voice-band call concentrator. 

5 

4. The bypass system of claim 1, wherein said line 
card further comprises a voice-band filter and an 
analog to digital converter to filter and digitise sig- 
nals directed to said voice-band call concentrator. 

10 

5. The bypass system of claim 1 , wherein a line that 
connects said line card to said voice-band call con- 
centrator is a digital line that carries digital signals. 

6. The bypass system of claim 1 , wherein a line that is 
connects said line card to said data call concentra- 
tor is an analog full-duplex signal line. 

7. The bypass system of claim 1 further comprising a 
user-network signaling receiver that detects wave- 20 
form designated as the data call identification pre- 
fix. 

8. The bypass system of claim 1, wherein said line 
card includes a user-network signaling receiver and 25 
said data call prefix detector, said receiver detect- 
ing tones of a data call identification prefix and a tel- 
ephone number dialed on the subscriber line, and 
said data call prefix detector detecting the pattern 

of said data call prefix. 30 

9. The bypass system of claim 8 wherein said user- 
network signaling receiver is an analog dual tone 
multiple frequency detector. 

35 

10. The bypass system of claim 8 further comprising a 
data address generator connected between said 
receiver and said router to convert said data call tel- 
ephone number to a data network address. 

40 

11. The bypass system of claim 8, wherein said 
receiver processes analog input signals. 

12. The bypass system of claim 1 further comprising a 
user-network signaling receiver, said receiver and 45 
said data call prefix detector being connected to 
outputs of said voice-band call concentrator, said 
receiver detecting tones of a data call identification 
prefix and a telephone number dialed on the sub- 
scriber line, and said data call prefix detector so 
detecting the pattern of said data call prefix. 

13. The bypass system of claim 12, wherein said 
receiver processes digital input signals. 

55 

14. The bypass system of claim 12 further comprising a 
data address generator connected between said 
receiver and said router to convert said data call tel- 
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ephone number to a data network address. 

15. The bypass system of claim 1 further comprising a 
modem bank having a plurality of modems con- 
nected between said data call concentrator and 
said router, said data call concentrator selecting an 
available modem for transmission of said data call 
telephone number and data to said router. 

16. The bypass system of claim 15 further comprising a 
plurality of receivers processing analog user-net- 
work control signals connected to a shared data 
address generator, wherein each line that connects 
said data call concentrator to said plurality of 
modems is also connected to one of said plurality of 
analog receivers which in turn connects to said 
shared data address generator through a digital 
line. 

17. The bypass system of claim 16, wherein each of 
said receivers processing analog user-network 
control signals is a dual tone multiple frequency 
(DTMF) receiver that converts DTMF tones of said 
data call telephone number to numbers, and 
wherein said data address generator translates the 
numbers into a data network address. 

18. The bypass system of claim 1 further comprising a 
user-network control signals receiver connected to 
an output of said data call concentrator for convert- 
ing DTMF tones of said data call telephone number 
to numbers. 

19. The bypass system of claim 1, wherein said data 
call prefix detector is an alphanumeric character 
sequence detector. 

20. The bypass system of claim 1 further comprising a 
data network connected to said router. 

21. The bypass system of claim 1 , wherein the connec- 
tion between said data call concentrator and said 
line card passes through a wide-band filter and an 
analog to digital converter of said line card. 

22. The bypass system of claim 1 further comprising a 
voice-band filter and a first analog to digital con- 
verter which are connected between said line card 
and said voice-band call concentrator; and 

a wide-band filter and a second analog to dig- 
ital converter which are connected between 
said line card and said data call concentrator. 

23. The bypass system of claim 1, wherein lines that 
connect said line card to said voice-band call and 
data call concentrators and lines that connect said 
voice-band call and data call concentrators to said 
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voice switch and to said router are digital lines. 

24. The bypass system of claim 1 , wherein said sub- 
scriber line is an analog full-duplex signal line. 

25. The bypass system of claim 1, wherein said router 
converts between network data communication for- 
mats and protocols used in said data network and 
subscriber data communication formats and proto- 
cols used in a subscriber data stream passed from 
said subscriber line to said data router. 

26. A line card of a telephone network comprising: 

a switch that switches to selectively connect a 
subscriber line to one of a voice switch and a 
router; and 

a data call prefix detector that controls switch- 
ing of said switch in response to a data call pre- 
fix that precedes a data call telephone number 
of said subscriber line. 

27. The line card of claim 26 further comprising a user- 
network control signaling receiver that converts 
DTMF tones of the data call prefix and telephone 
number to numbers. 

28. The line card of claim 26 further comprising a voice- 
band filter and a first analog to digital converter to 
filter and digitize signals directed to said voice 
switch. 

29. Hie line card of claim 28, wherein said first analog 
to digital converter is connected to a voice-band call 
concentrator located between said line card and 
said voice switch. 

30. The line card of claim 28 further comprising a wide- 
band filter and a second analog to digital converter 
to filter and digitize signals directed to said router. 

31 . The line card of claim 28, wherein said second ana- 
log to digital converter is connected to said router 
through a data call concentrator. 

32. A bypass system for modem data call bypass of a 
telephone network voice switch comprising: 

a line card connected to a subscriber line that 
selectively connects the subscriber line to one 
of said voice switch and a data switch; 
a data call prefix detector that controls the 
selective connection of the subscriber line in 
response to a data call prefix that precedes a 
data call telephone number dialed on the sub- 
scriber line; 

a voice-band call concentrator that is con- 
nected between said line card and said voice 



switch, said voice-band call concentrator being 
connected to the subscriber line in the absence 
of said data call prefix; and 
a data call concentrator that is connected 
5 between said line card and said data switch, 

said data call concentrator being connected to 
the subscriber line in the presence of said data 
call prefix. 

w 33. A method of bypassing a telephone network voice 
switch on arrival of a data call, comprising the steps 
of: 

selectively transmitting the data call and a 
is voice-band call on a subscriber line; 

identifying each of the data call and the voice- 
band call to transfer the voice-call to a voice 
switch when the voice-band call is identified 
and to transfer the data call to a data network 
20 different from the voice switch by bypassing the 

voice switch, when the data call is identified. 

34. The method of claim 33, further comprising the step 
of: adding, to the data call, an indicator indicative of 

25 the data call. 

35. The method of claim 34, wherein said indicator is 
given by a data call prefix which precedes a data 
call telephone number. 

30 

36. A communication system comprising an exchange 
which has a voice-band switch and which is selec- 
tively responsive to a data call and a voice-band call 
issued from a subscriber to produce either one of 

35 the data call and the voice-band call, as a selected 
call, said exchange comprising: 

processing means for processing the selected 
call to supply the selected call to the votce- 
40 band switch when the selected call is the voice- 

band call and to bypass the voice-band switch 
without giving the selected call to the voice- 
band switch when the selected call is the data 
call; and 

45 data call transferring means for transferring the 

data call bypassed. 

37. TTie communication system of claim 36, wherein 
the processing means comprises: 

so 

identifying means prepared for each subscriber 
to identify the data call; and 
switch means for switching the voice-band 
switch to the data call transferring means when 
55 the data call is identified. 
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